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PREFACE. 



J" The subject of small accumulators has been 

^ selected for treatment in this, the first of a 

^ series of popular scientific hand-books for 

students and engineers, by reason of the large 
number of requests for advice which have 
reached me in my capacity as editor of The 
Model Engineer and Amateur Electrician. 
Although some of the information herein con- 
tained has already appeared in the pages of 
that journal, I believe that the connected and 
amplified form in which this is now presented 
will, make it of greater utility and more con- 
venient for reference. Sufficient matter has 
been added to make the book cover the ground 
indicated by its title as fully as is possible, but 
the limited space available precludes any pre- 
tence to exhaustive treatment of the subject. 
I venture to hope, however, that this little vol- 
ume will be found a practical and trustworthy 
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guide to the particular class of readers for 
whom it is intended. I take this opportunity 
of acknowledging the valued help of Mr/ 
Harold H. Simmons, A.I.E.E., who has been 
good enough to revise the proofs, and to add 
a glossary of electrical terms which will much 
facilitate the easy comprehension of the sub- 
ject by the non-technical reader. To the 
Photogram, Ltd., my thanks are due for kind 
permission to reproduce from their book, Prac- 
tical Radiography, some of the illustrations 
and instructiqps contained in Chapter III. 

Percival Marshall. 
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SMALL ACCUMULATORS. 



CHAPTER I. 

THE THEORY OF THE ACCUMULATOR. 

An accumulator is an appliance for accumu- 
lating or storing electricity, and its working 
depends upon the chemical changes undergone 
by certain substances when subjected to the 
action of an electric current. Accumulators 
are also known as " storage " or " secondary " 
batteries. 

Strictly speaking, it is not correct to say that 
electricity is stored in an acculnulator, al- 
though, as far as external results are concerned, 
such appears to be the case. What really 
happens is this. The charging current, i.e.j 
the current which feeds electricity into the 
accumulator, produces a gradual chemical 
change or decomposition in the active elements 
of which the appliance is constructed, such 
change continuing to take place so long as the 

7 



8 Small Accumulators. 

charging current is applied. As soon as this 
current ceases, however, so also does the chem- 
ical decomposition of the constituents cease; 
and if the terminals be then connected by a 
wire a reversal of the process commences. 
That is to say, the disunited particles gradually 
re-form themselves into their original chemical 
combinations, and by so doing produce a cur- 
rent of electricity which flows in the opposite 
direction to that originally used for charging. 
An early form of accumulator, though more 
of experimental than practical interest, was 
Grove's gas battery. This was composed of 
a series of cells, each cell comprising two tubes, 
closed at the upper ends, and dipping down 
into a glass jar containing acidulated water. 
Each tube had a platinum wire fused into the 
closed end, from which a strip of platinum foil 
extended downwards into the liquid. The 
outer ends of the platinum wires were provided 
with brass terminals, by means of which sev- 
eral of these cells were connected together. A 
charging current from a primary battery was 
then applied and resulted in the gradual de- 
composition of the water in the various glass 
jars. Hydrogen collected on one of the plati- 
num plates in each of the cells and oxygen on 
the other. If after a short time the primary 
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battery was disconnected from the wires joined 
to the outer terminals of the cells and a gal- 
vanometer substituted, it was found that a 
current would then flow in the reverse direc- 
tion until all the separated hydrogen and oxy- 
gen gases had re-combined to form water 
again. 

From a practical point of view, the gas bat- 
tery was deficient, inasmuch as it would only 
supply current for a very short time, and sev- 
eral workers set themselves the task of contriv- 
ing an arrangement to obviate this defect. 
The most successful of these early workers 
was Plante, and he found in the course of his 
experiments that the best results were to be 
obtained by using lead plates or electrodes in 
a dilute solution of sulphuric acid. He 
made a cell by taking two long strips of sheet 
lead, placed one over the other with pieces of 
insulating material between, and coiling these 
up into spiral form. These plates were pro- 
vided with separate terminals and were placed 
in a jar containing a solution of sulphuric 
acid. The action of the charging current was 
to decompose the water in the solution, the 
oxygen combining with the metal of the posi- 
tive plate and thus forming peroxide of lead, 
whereas the hydrogen was simply deposited 
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on the negative plate and there remained in 
gaseous form. On discontinuing the charging 
current, the hydrogen combined with oxygen 
in the solution to form water again, while the 
peroxide of lead was deoxidised, the lead re- 
maining on the surface of the plate as spongy 
lead, and the oxygen re-entered the solution 
to compensate for the oxygen which was ex- 
tracted therefrom by the hydrogen in forming 
water. Plante found that this method of con- 
struction enabled him to get an electro-motive 
force (E.M.F.) of from 2 to 2.5 volts, as 
against 1.47 volts given by Grove's gas bat- 
tery. 

Plante's experiments did not, however, ter- 
minate with this achievement, and he next 
introduced a method for considerably increas- 
ing the available -metallic surface of the elec- 
trodes. This plan is known as '' forming " the 
plates, and consists of repeating for a consider- 
able time the following series of operations: 
(a) charge the accumulator, {h) discharge 
ditto, (c) re-charge, but with the charging 
current entering in the reverse direction, (rf) 
again discharge. This cycle or series of re- 
versals in charging and discharging, if kept 
up for several days, has the effect of causing 
the lead plates to become very porous or spongy 
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in character, and, therefore, by reason of the 
additional surface of contact between electro- 
lyte and electrode thus provided, enables the 
cell to retain a much greater charge than it 
would otherwise do. 

It is not difficult to see that this work of 
*' forming " is of a somewhat tedious and ex- 
pensive character, and with the object of re- 
ducing this process to a minimum, another 
'inventor, Faure, conceived the idea of using 
plates coated with a paste of lead-oxide, a plan 
which made it possible to use an accumulator 
with success after being charged only two or 
three times. When first introduced, some 
difficulty was found in making the lead-oxide 
paste adhere properly to the plates, and various 
means were devised to overcome this drawback. 
Scratching and indenting the lead- plates was 
tried, but this was ultimately superseded by 
the plan of making perforated plates in the 
form of grids, the paste being pressed into the 
perforations. With various slight modifica- 
tions in the shape of the perforations this de- 
vice has been found to answer exceedingly 
well, and is now very generally adopted. 

When an accumulator is freshly charged it 
will be found to have an E.M.F. of about 2.25 
to 2.5 volts, but after being used a short time 
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this falls to about 2 volts, at which figure it 
remains until the cell is nearly exhausted. For 
many purposes, however, a higher voltage than 
this is required, and it then becomes necessary 
to have several cells joined in series, so as to 
give a total voltage equal to the number of cells 
multiplied by 2. Thus three cells of 2 volts 
each if joined in series would give an E.M.F. 
of 6 volts, five cells would give 10 volts, and 
so on. 

The current which a cell will accumulate or 
store depends upon the area of its plates — ^the 
larger the plates the greater the capacity of the 
cell, and, further, the higher the permissible 
rate of discharge. As it is not always con- 
venient to use very large plates where great 
capacity is required, the same result may be 
obtained by using a number of small plates to 
increase the available plate surface, but in such 
cases the plates must be connected in parallel. 
That is, the positive plates must all be con- 
nected to one terminal, and the negative plates 
all to the other terminal, thus forming prac- 
tically two plates divided into a number of 
branches. 

The capacity of an accumulator is usually 
measured in ampere-hours. Thus an accumu- 
lator which will discharge a current of ten 
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amperes for one hour, or of five amperes for 
two hours, or of one ampere for ten hours, is 
said to have a capacity of ten ampere-hours. 
As a general rule, it may be reckoned that an 
accumulator with its plates connected in paral- 
lel has a capacity of six ampere-hours for each 
square foot of positive plate surface. 



CHAPTER II. 

HOW TO MAKE A FOUR-VOLT POCKET 
ACCUMULATOR. 

From the preceding chapter the reader will 
have gathered that an accumulator to give an 
E.M.F. of 4 volts must have two separate cells, 
each giving 2 volts, with the elements con- 
nected together in series, i.e., the positive plate 
of one cell to the negative plate of the other. 
The first thing, therefore, is to construct a 
two-celled case, as shown in Fig. i, of such 
size as may suit the user's pocket. As pre- 
viously explained, the size of an accumulator 
has a proportional effect upon its capacity, and 
in the example chosen for illustration the di- 
mensions are such as to give a capacity of 
from i^ to 2^ ampere-hours. 

The case should be made of sheet gutta- 
percha, which can be purchased at any shop 
where india-rubber goods are sold. The 
gutta-percha should be cut into pieces of the 
required size, as shown in the drawing, and 

14 
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these should be joined together by passing a 
hot iron over the edges forming the joints and 
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Fig. I.— Four- Volt Pocket Accumulator. 

well pressing the pieces together. If preferred, 
a vulcanite case of suitable size can be pur- 



1 6 Small Accumulators. 

chased ready made. The outside dimensions 
of the finished accumulator are 3^ ins. wide, 
4 ins. high, and i\ ins. deep; and the thickness 
of the material used should be about J in. The 
case is divided into two cells by a division 
piece in the centre, as shown. It is, of course, 
essential that all the joints be thoroughly well 
made to prevent any leakage. 

The plates may be cut out of sheet lead 
about 3.32nds. or ^ in. thick, and should meas- 
ure 3i ins. deep by ij wide. At the top end 
each plate should have a projecting strip or 
lug about 1:1 ins. long and ^ in. wide. Each 
plate should be drilled or punched with a large 
number of small holes about ^ in. diameter, 
each hole being afterwards countersunk on 
both sides of the plate as shown at section A. 
If several accumulators are required, or a num- 
ber of plates, a quicker plan would be to cast 
the plates in a plaster-of- Paris mould, in which 
case the perforations could be rather larger 
and of the shape shown in section B. Full 
instructions for casting accumulator plates will 
be given in the next chapter. The object of 
countersinking the holes, or of making them 
taper inwards from each side, is to enable the 
plates to better retain the lead-oxide paste with 
which they have to be subsequently coated. 
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For the accumulator now being described, four 
plates will be required, two positive and two 
negative, one pair for each cell. 

The two positive grids will require pasting 
with a stiff paste made of red lead and dilute 
sulphuric acid (one part acid to two parts 
water). The best way of doing this is to lay 
the grid flat on a sheet of glass, and press the 
paste into the perforations with a horn or 
wooden spatula. The grid should now be 
turned over and the other side treated in the 
satne way, after which it must be stood up in 
a warm room to allow it to dry, for about fif- 
teen hours. Having pasted and dried both 
plates, the next thing is to place them in a very 
strong solution of chloride of lime. This will 
form lead peroxide, and save the trouble of 
" forming.'* When the action is complete the 
plates must be washed in clean water ; they are 
then ready to be placed in the cell. 

The negative grids must be filled in with 
precipitated lead. To make this, place a few 
strips of zinc in a saturated solution of lead- 
acetate, and collect the crystals that are formed. 
These will adhere together when pressed into 
the grid. 

Before putting the plates together, each 
negative should have a pair of ebonite separat- 
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ing pins (p) fixed along the bottom so as to 
keep it about ^ in. apart from the positive plate. 
These pins will then fit into the positive plate, 
when a rubber band (b) will make the whole 
fast. 

The plates should then be placed in the cells 
in the position shown, the two lugs in each cell 
being at opposite ends, and so turned that the 
positive plate in one cell and the negative plate 
in the other have their lugs toward the centre. 
The lid of the cell may be made of hard wood, 
which should be well soaked in hot paraffin 
wax. It must have four slots cut in it to allow 
the lugs to pass through, and also two round 
holes between the slots to receive two short 
pieces of :l-in. ebonite tubes (t t) which should 
be cemented therein. The lid should then be 
placed on and firmly sealed down with marine 
glue.* 

The lugs in the centre must be bent down 
so as to meet each other, and are then neatly 
soldered together. The two outer lugs have 
a hole drilled through each, to receive brass 
terminals secured by back nuts as shown. A 
mark, thus +, should be marked against the 
positive terminal, so as to identify it when 
charging. Any superfluous portions of the 
* See ''' Useful Receipts." 
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lugs should, of course, be carefully cut away, 
to make a neat finish. 

Each of the two cells should now be filled 
through the tubes (t t) with the electrolyte or 
acid solution. This consists of pure sulphuric 



acid, diluted with about four times its bulk of 
water, the specific gravity of the mixture being 
about 1. 17. When preparing this mixture the 
acid should be poured very slowly into the 
water and never vice versa. The quantity of 
solution should be sufficient to cover the 
plates in each cell, but not to completely fill 
the interior of the accumulator. The tubes 
(t t) should then be fitted with removable 
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vulcanite or rubber plugs, and the cell is ready 
for charging. 

Fig. 2 shows the finished accumulator as it 
actually appears, connected to a cycle lamp. 
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CHAPTER III. 

HOW TO MAKE A TWELVE-VOLT ACCUMULATOR. 

The accumulator described in this chapter is 
intended to give an E.M.F. of 12 volts and to 
have a capacity of 32 ampere-hours. That 
is to say, it will be capable of supplying a cur- 
rent of I ampere for thirty-two hours or 
4 amperes for eight hours, and so on. There is, 
however, a limit to the rate at which it is de- 
sirable to discharge any particular accumulator, 
and in the present instance the rate of discharge 
should not exceed about eight amperes. 

The body of the accumulator is made of hard 
wood such as teak, and should be lined with 
sheet ebonite. As it is to give 12 volts, it is 
obvious that there must be six separate cells, 
as shown in fig. 3, these being obtained by 
fixing suitably arranged ebonite partitions 
across the inside. Each cell must contain 
seven plates (three positive and four negative), 
each plate measuring 8 X 6J X fV ^"s. In 

21 
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accumulators of any size it is better to have 
one more negative plate than the number of 
positives, there then being a negative on each 
side of the positive plates. Thus, in a cell 
having three positives there would be four* 
negatives. This arrangement tends to distrib- 
ute the current evenly over the plates, and thus 
prevent the positive plates from buckling. 
The lead plates or grids, fig. 4, forty-two of 
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Fig. 3.— Case for Twelve-Volt Accumulator. 

which will be required, should be cast in a 
plaster-of-Paris mould as follows : — First, make 
a plaster slab of sufficient size to allow a 2-in. 
margin all round the edge of the grid to be 
cast, and from one to two inches in thickness. 
Then draw upon its surface a facsimile of the 
grid as in fig. 5. The plaster must then be cut 
away within the marked-off lines to the depth 
of about -^^ in., this being done with a small 
chisel. A pouring hole must be made at B, 
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which also forms the lug of the plate ; an air- 
hole at C ; and a few cuts at D D, at convenient 
intervals for aligning the cover of the mould 
when fixing in position for casting. 

To complete the mould an exact counterpart 
of the half already cut will be required. This 
can be made by filling up all the grooves (ex- 
cept those at D D) in the mould just made 
with heated paraffin wax, pressing it into place 




Plasteb Mould. 



with the fingers, and scraping off level with the 
face of the mould, thus forming a pattern of 
one side of the grid. When hard, the wax 
may be removed by inserting a pin at one cor- 
ner. It will again be necessary to fill in the 
grooves to prevent the plaster running into 
them, and scrape off level as before. The im- 
pression already taken should next be laid on 
its back on the wax at present in the grooves, 
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and a little shellac varnish applied to the mould 
with the wax pattern in position. A wall of 
wood must now be arranged around, project- 
ing from I to 2 ins., according to the depth of 
the other half, and the plaster run in. When 
hard, the mould may be taken apart and all 
wax removed, the two halves wired together, 
and the casting proceeded with. The lead used 
must be pure, and melted in a thoroughly clean 
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Pig. 6.— Sections of Grids showing different styles 

OF Perforations. 



ladle, or contamination with zinc or other simi- 
lar metal might result, which would be fatal. 
It is advisable to cast a few grids over and 
above the number required, as some may be 
found to be defective when the process of past- 
ing is commenced. The sections shown in 
fig. 6 illustrate different styles of perforations 
or recesses made in accumulator plates, either 
of which may be adopted in the present case. 
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Pasting, or filling in the grids with the oxides 
of lead, must now be attended to, the positive 
grid being filled in with a stiff paste made of 
red lead and dilute sulphuric acid (one part 
acid to two parts water). This is most con- 
veniently done by laying the grid flat on a 
smooth board and pressing the paste into the 
perforations (which it will be noticed are 
wedge-shaped for the purpose of holding the 
oxide as securely as possible in place, and 
measure \ in. square on the surface) with a 
wooden spatula. 

The grid should then be turned over, and 
the other side similarly treated, when it may be 
stood on end in a warm place to dry, which 
will take from twelve to twenty-four hours. 
When properly dry, the plate is placed in a 
concentrated solution of chloride of lime which 
gradually converts it into lead peroxide, thus 
avoiding the necessity of further " forming." 

After the action is complete, the plate may 
be rinsed in clean water, and will then be ready 
for use in the cell. 

The negative grid, instead of being pasted 
with litharge and sulphuric acid, as is usual, 
may be filled in with precipitated lead. This 
is obtained in the form of crystals by lowering 
a strip of zinc into a saturated solution of ace- 
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tate of lead," the crystals will then form on the 
zinc. 

These crystals are very thin, and possess the 
property of being able to adhere firnjly to- 
gether, forming a soft fibrous and porous mass, 
which must he gathered and kept under water 
until sufficient for one grid has been collected, 
when they may be pressed into the grid. The 



FIG. 7.— MBTHOD of COBHECTIBO THE PLATES. 

plates may now be fitted in their cells, and 
charged for use, requiring no further forming 
process. 

The plates are placed side by side in the cells 
as in fig. 7 at a distance of i in. apart, and are 
kept separate by means of celluloid or hard 
wood racks, as shown in fig. 8. If wooden 
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racks are used they should be previously thor- 
oughly soaked in melted paraffin wax. These 
racks at the bottom are also useful for keeping 
the lower ends of the plates well above the 
bottom of the containing vessel. This is 
important, as it allows any active material 
which may become detached from the plates 
to fall away clear of them. If the material 




Fig. 8.— Racks to support Plates. 

remained between the plates it might bridge 
the narrow gap and thus short-circuit the cell. 
As the negative plates exceed the number of 
positives in each cell by one, and they are 
placed in the cell one negative and one positive 
alternately, the two outside plates will be grey 
negatives with brown positives next to them, 
and afterwards negative and positive and alter- 
nately. 
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The whole of the positive plates in each cell 
will need to be coupled together, the same ap- 
plying to the negative. The lug of each plate 
is punched with a ^-in. hole through which is 
passed a screwed brass rod, and the plates are 
firmly fixed by means of nuts and washers, as 
in fig. 7. After all the connections have been 
made, the brasswork should preferably be 
coated with paraffin wax or anti-sulphuric 
enamel to protect it from the corrosive action 
of the acid fumes. When the plates are thus 
connected in their cells, the positive coupling 
of one cell must be connected with the nega- 
tives of the adjacent cell, and so on right 
through the battery. The method of this con- 
nection is shown at E (fig. 7), which represents 
the form of lead strip used. There will then 
be a positive coupling or section left at one end 
of the battery, and the negative section at the 
other, which are to form the poles of a battery 
and are best dealt with by soldering them to 
brass terminal screws which appear on the out- 
side of the containing vessel. 

The battery is now ready for the electrolyte 
or acid to be run in, and, for the type of cell 
here described, sulphuric acid of 1.19 specific 
gravity will be required. The acid used must be 
pure brimstone acid, and none other. This will 
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require diluting with about four times its quan- 
tity of water to bring it to the above-mentioned 
specific gravity. In mixing, always add the 
strong acid to the water, not vice versa, for in 
the latter case the mixture sprays violently in 
all directions. This mixture should well cover 
the tops of the plates. Everything should be 
in readiness so as to start charging without 
delay as soon as electrolyte has been run in. 



CHAPTER IV. 

TYPES OF SMALL ACCUMULATORS. 

Although in the previous two chapters full 
instructions have been given whereby the read- 
er may construct his own accumulators, it is 
probable that there are many who will prefer to 
purchase the appliances ready-made. The fol- 
lowing descriptions of modern commercial 
forms of small storage batteries will therefore 
doubtless be of interest. 

The smaller kinds of portable accumulators 
are usually known as " pocket ** accumulators, 
presumably on account of their dimensions ren- 
dering them suitable for carrying in one's 
pocket if need be. Fig. 9 illustrates a 2-volt 
accumulator of this kind, having a capacity of 
3 ampere-hours. Its dimensions are 4 ins. 
high X 2j ins. wide X i in. thick, and its weight 
is 15 oz. It will be noted that this cell is of 
a curved shape, to make it better fit the pocket. 
A somewhat larger accumulator, rectangular 
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in form, is shown in fig. 10. This also gives 
an E.M.F. of 2 volts, but has double the capac- 
ity, viz., 6 ampere-hours. Its dimensions are 
5 X 3| X l^ ins. and the weight 2 lb. 3 oz. 
As usual with accumulators of this size the 
cases or cells are made of the best ebonite, while 
in these cells the plates are separated by ebon- 
ite forks. Ebonite covers are provided both 



Fio. 9.— Two- Volt curved Pocket accumulator. 

above and below the sealing composition. The 
lead connections are carried through these 
covers to terminals well insulated from the 
acid. Each eel! is provided with a screw vent 
peg. In fig. II and fig. 12 are shown accumu- 
lators similar in construction, but arranged to 
give 4 and 6 volts respectively. It will be ob- 
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served from the illustrations that the number 
of vent pegs shown indicate the number of 
separate cells inside the accumulator, one vent 
peg being required for each cell. 

In constructing accumulators of a larger 
size, a seasoned hard wood, such as walnut, 
mahogany, or teak, is usually employed in 



place of ebonite for the outer casing. A 12- 
volt wood-case accumulator of 2 ampere-hours 
capacity is illustrated in fig. 13. This has a 
sliding lid, and also a leather strap for carry- 
ing purposes. The terminals, as illustrated. 
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are let into the side of the Ixix and are intended 
to take plug connections, but screw terminals 
may be fitted if desired. Other types of por- 
table accumulators are illustrated in fig. 14 and 
fig. 15. These are supplied either with teak 
cases ebonite-lined, or with teak cases lead- 
lined, the latter being slightly more expensive. 



F;g. II.— Four-Volt Pocket 

The capacity of the type shown in fig. 14 varies 
from 7 to 70 ampere-hours, and of that in fig. 
15 from 16 to 32 ampere-hours, according to 
the number of plates in each cell. Fig. 14 is 
used chiefly for small lighting plants, portable 
lamps, cycle and carriage lamps, x-ray coils. 
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table decorations and night-lights, while fig. 15 
is generally preferred for cautery operations, 
working phonographs, etc. 

For medical purposes, portable accumulators 
are of great utility, and fig. 16 shows a battery 
in a polished walnut or mahogany case, ar- 
ranged specially for such work. It has five 



Fig. II,— Six- Volt Pocket accumulator wii>i Lamp. 

terminals projecting from the side, and by 
suitably connecting these Up, an E.M.F. of 
either 4, 6, or 8 volts can be obtained. Should 
a higher voltage be required, as for example 
for some cases of electrolysis, a 6-volt pocket 
battery can be carried, which if connected in 
series with the main set of cells, will allow an 
E.M.F. of 14 volts to be obtained. If required 



Types of Small Accumulators. 35 

for cauterisation, a special resistance can easily 
be fitted to the accumulator here illustrated. 
The capacity of this battery is 30 ampere- 
hours. 

The principal difference in the construction 



Fio. 13.— Twelve -Volt Portable 

of the various makes of accumulators now on 
the market, lies in the materials and methods 
adopted for constructing the plates. Thus in 
one type of cells the plates, which are of lead, 
are cast in the form of grids with square aper- 
tures, into which a paste is pressed, minium 
being used for the positive, and litharge for 



36 Small Accumulators. 

the negative grids. In another type, a lead 
grid, or indeed a metallic support of any kind, 
is dispensed with, the plates being made up by 
combining oxides of lead with some fibrous 
material such as hair or asbestos fibre, the lat- 
ter serving to bind the whole together. The 
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mixture, after being worked into a proper con- 
sistency, is pressed into a mould, and a strip of 
lead or platinum inserted to act as a connecting 
piece. This mode of construction obviously 
enables an appreciable saving in weight to be 
gained. 
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In the " Allan " accumulator a specially 
mixed paste is supported or contained in a hol- 
low lattice frame cast in one piece, the active 
material being thus supported in an unbroken 
mass throughout the frame. This peculiarity 
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of construction is said to give great freedom 
from buckling, and the' composition of the spe- 
cial paste is such as to enable almost any de- 
gree of hardness to be obtained during form- 
ing, without detracting from the power to 
discharge at a high rate. Another plan of con- 
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stnicting the plates is that adopted in the 
Pitkin accumulators. Each plate presents a 
flat surface, studded with a number of small 
projecting pins, and having a raised rim or 
bead running round the edge. The pins are all 



hammered or otherwise burred over at the tops, 
thus affording a secure hold for the active ma- 
terial or paste which is pressed closely into all 
the intervening spaces' 

Yet another type of storage battery is that 
known as the lithsnode accumulator. Litha- 
node is a material made from litharge and sul- 
phate of ammonia, and contains from 80 to 90 
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per cent, of peroxide of lead. The plates in 
the lithanode accumulators consist of metallic 
grids into which several pellets or small slabs 
of lithanode are firmly inserted. The positive 
pellets are converted into peroxide of lead in 
a forming bath, ther negative pellets being re- 
duced to spongy lead by the ordinary electro- 
lytic method. 



CHAPTER V. 

HOW TO CHARGE AND USE ACCUMULATORS. 

The source of the charging current may be 
one of the following : 

(a) Battery; 

(b) Thermo-Electric Generator; 

(c) Public Supply Main ; 

(d) Dynamo. 

Charging E.M.F. — This must not be less 
than 2.5 volts for each cell to be charged. Of 
course, alternating current is useless for this 
purpose. Supposmg we have ten cells to 
charge in series, then we must have 10 by 2.5 
= 25 volts to charge. But by arranging the 
10 cells in two sets of 5, and then putting these 
two sets in parallel as in fig, 17, we can charge 
them with only 12.5 volts. Unless, however, 
we send double the current, so as to send the 
same current through the cells, it will take 
twice as long to charge them as it did 
when we had them in series. To make this 

40 
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more clear, supposing the ammeter A ^ , in fig. 
17, to read 4 amperes, then the other ammeters, 
A, and A,, would each read 2 amperes. If, 
however, we have only 5 volts at our disposal 
for charging, then we shall have to arrange our 
cells in five sets of two each, and put the five 
sets in parallel as in fig. 18, and mstead of tak- 
ing twice as long to charge them, it will take 
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Fig. 17.— Charging 10 Cells, in two sets, in series. 

five times as long, since each set of cells only 
gets one-fifth of the current given by the dyna- 
mo.. If, therefore, we wish to charge them in 
the same time as in the first case, we must sup- 
ply five times the current. 

The charging current for a cell should not 
greatly exceed 4 amperes per square foot of 
positive surface. 
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Charging from Batteries, — Charging by pri- 
mary batteries, though, comparatively speak- 
ing, expensive, will be found suitable in many 
cases for small capacity cells, where there is no 
other means available. The Bunsen or Grove 
cells are the most satisfactory for the purpose, 
on account of their high E.M.F. (which is 
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about 1.9 volts) and their very small internal 
resistance, but of the two the Bunsen cell is 
the one more generally used, and a short de- 
scription of this cell is given, as the parts may 
be bought and made up by the amateur. 
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Parts Required. 

Size in inches. 
Inside. Outside. 

Earthenware jar, . 6 by 4 6^ by 4^ 
Porous pot, . . 5i by 2I 5I by 2^ 
Cylindrically shaped 

zinc . . -Si high by 3^ diameter 
Carbon block, . . . 6 by i by i 

Two clamps, one to make connection with the 
carbon, and the second for zinc. 

The zinc should be very carefully amalga- 
mated as follows: — A small quantity of mer- 
cury is poured into an earthenware or glass 
vessel, to which a little hydrochloric acid is 
then added. The zinc is immersed and then 
taken out and cleaned in water. This should 
be done in an outhouse or workshop, as the 
hydrochloric acid gives forth very obnoxious 
odours. 

Another way to amalgamate the zinc is by 
leaving it a short time in sulphuric acid, and 
then immersing the zinc in the mercury, but 
this is a much slower process than the first, as 
the sulphuric acid does not act so quickly. Or 
again, the zinc may first be immersed in acid, 
and the mercury applied with the aid of a short 
piece of stick and a tuft of flannel. 

The zinc is placed in the earthenware jar, 
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then in the centre of the zinc the porous pot, 
and within this the carbon block. 

To charge the cell, fill the outer jar three- 
quarters full with dilute sulphuric acid (one 
part of acid to ten of water) and the porous pot 
with nitric acid, after which the battery will 
be ready for work. Great care should be exer- 
cised to see that all the metal connections are 
clean, and to obtain this result it is best to file 
the portions that make contact, as by using 
mercury or sandpaper particles might adhere 
and weaken the contact. 

As the current from the primary causes an 
opposing E.M.F. in the secondary element, it is 
necessary that the current from the charging 
station should have a higher E.M.F. than the 
secondary battery or accumulator. For in- 
stance, if you are charging twenty batteries of 
2 volts each, joined in series, it will be neces- 
sary that the primary current should have a 
higher E.M.F. than 40 volts (20 by 2). 

Four Bunsen cells with one charge and 
joined in series will be sufficient to charge a 
small 4-volt accumulator, and having deter- 
mined the charging station (whether from bat- 
teries or other means ) the procedure will be the 
same, with the exception that a resistance will 
not be required, unless in the case of charging 
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from a dynamo, or by using a very large accu- 
mulator. 

Charging from Thermo-Electric Generators. 
— These have, of late years, been much im- 
proved, and can be conveniently used for 
charging, being less costly to work and far 
cleaner than batteries. The Gliilcher thermo- 
pile Ts a durable type, and gives on short cir- 
cuit about 5 amperes at 4 volts, using from 5 
to 7 cubic ft. of gas per hour. Although ther- 
mopiles are very convenient sources of elec- 
trical energy for this class of work, it can 
hardly be said that they have a very high ef- 
ficiency. 

Charging from Public Supply Mains. — 
When it is possible to get a connection with a 
direct current supply circuit, this is one of the 
best and cheapest means of charging small 
accumulators. In the case of house mains, a 
very convenient connection can be made by 
means of the wall plug used for movable 
lamps; or a connection may be had on the 
ceiling-rose. In any case it will be wise to 
mark the poles in order to avoid mistakes. The 
poles of the charging wires can be easily 
found by taking a piece of " pole-finding 
paper,'' * wetting it, and then putting a wire 
* See " Useful Receipts." 
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from the positive and another from the nega- 
tive terminals on the paper, within about ^ in. 
from each other, taking care that the two wires 
do not touch ; keep them in this position for a 
few minutes, and on removing, a red mark 
will be left on the paper, indicating that the 
wire which left the mark is the negative. If 
pole-finding paper is not to hand, take a glass 
of water and immerse the two wires, keeping 
them the same distance apart from each other 
as before, and the negative wire will produce 
a great many more bubbles than the positive. 
It will be necessary to reduce the voltage by 
means of some resistance. Perhaps the readi- 
est method of doing this will be to connect 
a number of incandescent lamps in series with 
the cells. For instance, fig. 19 shows the con- 
nections for charging ten cells from 100- volt 
mains, the charging voltage, being 100 — (50 
-|- 25) = 25 volts. The voltage can thus be 
varied at will by altering the lamps connected 
in series with the mains. Unless, however, 
the amateur is used to electrical work, he had 
better call in an electrician to advise him, as 
lighting mains are not to be played with. The 
lamps placed in series should take the same 
current as the cells require. Suppose the cells 
require 2 amperes, and the lamps only take i 
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ampere, then two lamps will have to be in- 
serted in parallel, as shown in fig. ^o. 

To connect two or more accumulators in 
series, they should be joined up thus : — ^pK)sitive 
of the first cell to negative of the second, and 
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Fig. 20.— Charging 10 Cells from 100- Volt Main. 

the positive of the second cell to negative of 
the third, and positive of the third will connect 
on to positive terminal from the charging sta- 
tion, and the negative pole passed through 
the lamp resistance, the second terminal of the 
lamp to one terminal of the ammeter ; and the 
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second terminal of the ammeter to the negative 
wire of the charging circuit. 

Failing sufificient E.M.F. to charge all the 



cells in series, the most satisfactory arrange- 
ment for charging large secondary cells is to 
connect them in series forming groups, then 
connect these groups in parallel. The number 
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of cells placed in groups should be decided by 
the E.M.F. of the charging batteries. The 
current required to charge accumulators varies 
with the size of plates. For very small cells 
the basis of calculation may be taken as 6 am- 
peres per square foot surface of positive plate. 

L = length of plate in inches. 
W = width " " Then 

Current required = — — — x number 

of positive plates in single compartment. 

A very simple and neatly arranged charging 
board is shown in fig. 21, which is connected 
underneath as fig. 22. 

The positive wire taken from bracket is taken 
to one terminal of the board, and the negative, 
after passing through the resistance, is taken 
to the second terminal. When the board has 
been once arranged, all that is necessary to put 
the accumulators on charge is to place the plug 
in the bracket and to connect the positive of 
accumulator to the positive of board, and the 
negative of accumulator to negative terminal. 

Charging by Dynamo, — The dynamo will, of 
course, be used by most readers for charging. 
If the amateur has a small gas or steam engine 
to drive his dynamo, he will then be able to 
charge his accumulator very cheaply and with 
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little trouble. For charging small cells, a tripo- 
lar machine is very handy ; but for larger cells 
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Fig. 22.— Connections of Charging Board. 

a drum or ring armature machine should be 
used. The dynamo must be shunt-wound, the 
reason for this being that if the dynamo should 
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Fig. 23.— Showing flow of current in Shunt-wound 

Dynamo. 



fail to give current, the accumulators will not 
reverse the field, as they would do if a series 
machine were used. Figs. 23 and 24 will make 
this clear, the arrow-heads on the lines showing 
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the dynamo current, and the complete arrows 
showing the direction of accumulator current 




Fig. !«.— Showiho 



if the dynamo should stop. In the case of the 
series machine (fig. 24), it will be noted that- 



L Chakgino Dvnauo. 



in such a condition the field would be reversed. 
Hence series- wound dynamos cannot be used 
for accumulator charging. Fig. 25 shows a 
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small drum armattfre dynamo, specially de- 
signed for charging portable accumulators. 
This machine gives 2 amperes at 10 volts. 

Connecting up the cells will present no dif- 
ficulty to the amateur, but he must be careful 
to see that the positive pole of the accumulator 
be joined to the positive pole of the source of 
supply — see figs. 19, 20, and 23. When charg- 
ing from a dynamo the machine must be run up 
to its proper voltage before switching on to the 
accumulators. 

In Fig. 26 is shown a Crocker & Wheeler's 
latest pattern low-voltage secondary dynamo- 
tor for charging storage batteries, fitted with 
automatic cut-off switch to protect the batter- 
ies. Dynamotors are used for charging stor- 
age batteries from power obtained from the 
ordinary lighting circuits of the building, and 
as the machine may be woqnd to give the exact 
voltage required to charge the battery, it is not 
necessary to cut down the full pressure of the 
lighting circuit to suit it by means of wasteful 
resistances, which has formerly been the prac- 
tice, often involving a loss of over one-half 
and sometimes as much as nine-tenths of the 
energy. By the circuit opener, the connection 
to the battery is immediately broken by a slight 
motion of one of the field magnets of the ma- 
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cliine. which is pivoted for this purpose, and is 
actuated to move outwardly from the arma- 
ture by an adjustable spring when the current 
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is off. When the lighting current returns and 
the machine starts up again, the field magnet 
moves in to the armature and closes the bat- 
tery circuit and continues the charging. 
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Duration of Charging. — During charging 
the specific gravity of the electrol)rte will slowly 
rise until it reaches 1.186, when the cells are 
fully charged, and will then gas freely, the 
acid turning very milky. The E.M.F. of each 
cell will rise till it reaches 2.25 volts when the 
cell is charged. 

If any cell is found not to gas freely, it must 
be disconnected and carefully examined, any 
detached particles of oxide between the plates 
being carefully removed. 

The time taken to charge cells depends on 
the capacity. The capacity of an accumulator 
is measured ih ampere-hours, so that an accu- 
mulator having a capacity of 20 ampere-hours 
would be able to supply a current of i ampere 
for twenty hours, or 2 amperes for ten hours. 
Let us take an example from the following: 

Capacity of accumulator, 40 ampere-hours. 
Resistance can be neglected. Back E.M.F. of 
cell = 2.25. No. of cells to be charged in se- 
ries, 10. Resistance of dynamo, 5 ohms. The 
current that will pass through the storage cells 
is: 

(C = ^^ Ohm's law). 

^ 25 - (10 X 2.25) , 

C = = } ampere. 
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Now the capacity of each cell is- 40 ampere- 
hours, therefore, time taken to charge the cells 
is: 

40 



0.5 



= 80 hours. 



If, however, a current of 4 amperes is sent 
through the cells, they will be charged in 

-— = 10 hours. 
4 

This would be the case if the resistance of 
the dynamo was .625 ohms (5 ohms is a very 
high resistance for a dynamo), for then 

^ 25 - (10 X 2.25) , 

C = ^-77177 = 4 amperes. 

The following instance may be given of a 
cell having seven plates (three positive and 
four negative), each plate being 6 ins. by 4 ins. 
The capacity was found to be about 10 ampere- 
hours. The maximum charging current for 
this cell being 4 amperes, the time taken to 
charge it = y- = 2^ hours. The actual time 
taken was 2 hours 35 minutes. 

Hints on Discharging. — During discharging, 
the specific gravity of acid will slowly fall. In 
no case must the cells be allowed to discharge 
below 1.9 volts per cell. When this state of 
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things is reached, discharging should be at 
once stopped and the cells recharged as soon 
as conveniently possible. " Sparking '' and 
" flashing '' cells to see if they are charged is 
very detrimental ; it should never be done. A 
handy method of roughly telling if cells are 
charged or not is to have a 2-volt lamp and con- 
nect it across any cell to be tested. If the cell 
is fully charged the lamp will glow very bright- 
ly, but if the cell requires charging the lamp 
will be somewhat dim. A portable voltmeter, 
however, is far more handy. Pocket accumu- 
lators should be charged just before they are 
wanted, as the charge will leak through the 
damp lid. If the cells are discharged too heav- 
ily the plates will " buckle." 

General Hints. — If cells have to be put out 
of work for a time, they should previously be 
fully charged, care being taken that the plates 
are covered with the electrolyte (acid). A 
short charging should be given, say once every 
three weeks. This will keep the cells in good 
order. There is a mistaken notion that cells 
will last longer if they are never fully charged. 
Over- charging will do no harm at all, provided 
the charging current be not excessive. It has, 
however, been clearly proved that nothing 
tends more to destroy cells than partly charging 
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them, and then exhausting them. When cells 
have begun to " sulphate " the only remedy is 
to over-charge them, and so get rid of the sul- 
phate. By " sulphating '' is meant the forma- 
tion of white patches of insoluble sulphate of 
lead on the plates. It is due to neglect of the 
cells and careless management. If it appears, 
the plates should be carefully scraped, and then 
over-charged. In order to prevent " sulphat- 
ing," caustic soda is often added to the acid. 
About I oz. to the 5 gallons of electrolyte 
should be added, and it is best to add it in the 
form of solution — say i oz. of caustic soda to 
5 ozs. of water. To prevent " spraying '' of 
the acid during charging, it is well to place 
sheets of glass over the plates to throw back 
any spray. 

The room in. which the cells are charged 
should be well ventilated, and metal work 
should not be exposed to the acid vapour, or it 
will be rapidly corroded. In order to protect 
the brass connecting parts, they should be coat- 
ed with hot paraffin wax. 

On no account should the accumulators be 
charged in a workshop, or the tools will be sure 
to suffer. If the charging or discharging cur- 
rent be too great the paste will be driven out 
of the grids. 
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Accumulators should always be kept in an 
upright position. 

Do not charge the accumulators without be- 
ing sure that every compartment has the right 
amount of acid. 

Never thoroughly discharge battery, but 
when the light is getting dim place the accumu- 
lator on charge. 

A piece of metal or wire placed across the 
two terminals, thus making a " short-circuit," 
is likely to injure the cell permanently. 

When charging pocket accumulators as de- 
scribed in Chapter IL, the plugs should be 
removed from the vent holes. 

Charged positive plates have a chocolate col- 
our, and it is usual to paint their lugs red. 
Charged negative plates are of a pale" slate col- 
our, and their lugs are painted black. 

On no account should an accumulator be 
charged in the wrong direction, nor yet with 
too strong a current. With pocket accumu- 
lators the latter evil may be detected by feeling 
the outside of the cell with the hand. If the 
cell seems to be getting warmer, the current 
is too strong. 



CHAPTER VI. 

THE APPLICATIONS OF SMALL ACCUMULATORS. 

The applications of small accumulators to 
domestic, scientific, and general industrial re- 
quirements are many. Their extreme compact- 
ness, in most cases, renders them far more 
convenient for use than a primary battery or 
group of primary cells giving the same output, 
and, indeed, were it not for the possibilities of 
electric storage afforded by accumulators, 
many very useful appliances could not be made 
in anything like a practicable shape. One of the 
commonest domestic applications of small ac- 
cumulators is for a bed-room night-light. A 
small incandescent lamp is mounted on a 
watch-stand or in other convenient position, 
and is connected by wires to the terminals of a 
small accumulator of suitable voltage. Some- 
where in the circuit a push or small switch is 
inserted, which, when moved, turns the light 
off or on as required. When used for inter- 
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mittent work of this kind, one charging is 
usually sufficient to last for several weeks. Ac- 
cumulators of a slightly larger kind may be 
turned to useful account in the household for 
driving small electro-motors, which in turn 



Fio. 3?.— Domestic Electric Hand Laup. 

work ventilating fans, sewing-machines, minc- 
ing or chopping machines, etc. 

Portable electric lamps, for which the cur- 
rent is derived from a small secondary cell, are 
also very widely used. Such a lamp suitable 
for domestic use is shown in fig. 27. This is 
made up of a plain cell accumulator fitted and 
sealed into a highly polished wooden case with 
metal lid. A handle is affixed to the latter and 
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also a safety lock. The lamp is made detachable, 
with a hook at the back and a connecting cord 
and plug. This enables it to be used at a dis- 
tance from the battery or loosely hung on a 
bracket at the side. The switch for turning the 
light on and off is contained in the case of the 
lamp. Lanterns of this pattern are also made 
in which the lamp is a fixture on the front of 
the battery case. The positive charging ter- 
minal is then covered by a lug fitted to the 
battery lid and is only accessible when the lid 
is unlocked. The negative charging terminal 
is reached through a small hole in the switch, 
but can only be got at when the switch is in 
the " off " position. This prevents the charg- 
ing current from passing through the incan- 
descent lamp. 

For use in a photographic dark-room, such 
a lantern is admirably adapted if the lamp be 
fitted with a cap containing orange or ruby 
glass, so as to render the light non-actinic. 
Photographers will readily appreciate the ad- 
vantages of being able to switch the light on 
or off at will without having to strike a match, 
and also the absence of smoke, smell, and heat. 

For factory, gas-works, and aboard ship use, 
l^mps are made of the type shown in fig. 28. 
These are similar to the domestic lamps pre- 
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viously described, but bave no metal lid nor 
locking arrangement. For miners and firemen, 
something of a stronger and more damp-proof 
character is required. Accordingly the accu- 
mulator cells are enclosed in strong metal cases, 
as in the lamp depicted in fig. 29. The bottom 
loops of the incandescent lamp are suspended 



Fig. iS.— Factory Electric Hand Lahp. 

on two elastic wire hooks which tend to open 
sideways, while a spring hook grips the point 
of the incandescent lamp and forces this 
against the hooks, thus ensuring an excellent 
contact. Should the outer glass of the lamp 
get broken by accident, the incandescent lanip 
is thrown off the hooks and thus breaks the 
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circuit before the lamp itself can break. Even 
should the lamp get broken, it has been ascer- 
tained, by numerous experiments, that the fila- 
ments of such small incandescent lamps cool 
instantaneously, and therefore it is quite im- 
possible to cause an explosion of fire-damp in 
this way. . 

A different type of portable electric lamp is 



Fig. jg— Miner's Electric Hand Lamp. 

illustrated in fig. 30. Here the accumulator is 
carried in a small bag or satchel, C, which by 
means of the strap. S, may be slung across the 
user's shoulders. The lamp, L, is connected to 
the battery by a flexible twin-wire, and is pro- 
vided with a fastening enabling it to be fixed 
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in a button-hole or to any portion of a person's 
clothes, thus allowing free use of both hands. 
Lamps of this pattern are much used by ticket 
inspectors in the employ of 'bus, tram, or rail- 
way companies, and also by meter readers in 
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the service of gas and electric light companies. 
Private persons also find them useful as read- 
ing lamps when travelling at night-time. 

One of the most popular uses of small accu- 
mulators is undoubtedly for cycle and carriage, 
lighting. Electric lamps require no trimming. 
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neither are they blown out by the wind, nor 
easily jolted out when travelling over rough 
roads. Fig. 31 and fig, 32 show a small accu- 
mulator and lamp specially adapted for cycles. 
The battery is a 4-volt ebonite rectangular one, 
and will give a good light for about eight 



pia. 31-— Accumulator in case, for Cycle Laup. 

hours. The plates are raised about i in. from 
the bottom of the tell, and are faced with flat 
perforated sheet celluloid to prevent any of the 
active material being jolted from the grids. 
The terminals are protected by an ebonite cov- 
ering to protect them from the corrosive action 
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of the acid. The leather case is made from a 
stout superior hide, and the interior is coated 
with an india-rubber compound. The joints 
or seams are fastened with nickel-plated rivets, 
no stitching of any kind being employed. The 
straps for attaching the case to the frame of 
the cycle pass right round as shown, thus sup- 
porting the whole weight. The lamp is 



mounted in a nickel silvered outer case, to 
which is fitted an ebonite back. To the back 
is attached a tongue clip and a detachable 
screw switch for making contact. The connec- 
tion to the battery is made by flexible leads, 
the ends of which are neatly finished off in 
ebonite. Fig. 33 shows an electric cycle lamp, 
of somewhat different design, placed in posi- 
tion on the wheel. In this case it will be no- 
ticed that the accumulatpr is suspended under- 
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neath the saddle, though not infrequently the 
handle bar or top cross bar of the frame is the 
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selected point of support, as shown in fig. 34. 
Other patterns of electric cycle lamps are also 
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made similar in form to the usual oil-burning 
lamps. In these the battery is contained in a - 
metallic case, which fits on to the lamp-bracket 
of the bicycle, the lamp itself being fixed to 
the front of the accumulator case. 

For the lighting of carriage lamps, accumu- 
lators of a larger kind, as shown in fig. 35, are 
required. These are fitted in teak cases, and 



Fro. 34,— Electric Cvcle Lamp. 

are arranged to give either 8, 10, 12, or 16 
volts, according to the lamps employed. Their 
capacity is about twelve ampere-hours. The 
over-all dimensions of the largest size is 
13I X 5 X 7 ins. The lamp itself is of the 
usual carriage pattern, but adapted, of course, 
to receive an incandescent lamp. 

A very neat form of carriage lamp is shown 
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in the illustration, fig. 36. This is fixed to the 
end of the carriage pole, and is specially con- 



structed to withstand the severe jolting it re- 
ceives in such a position without interfering 
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with the hght. The lantern itself is fastened 
to a strong hollow iron bracket, which is 
screwed on to the under side of the pole. The 
connecting wire, which comes out of the brack- 
et, is run along a fine groove in the pole, or 
through small eyelets, and has at the other 
end a concentric plug arrangement which 
enables connection with the carriage wire to 



Fig. 3fi.— Elkctric Lamp 

be easily made, as also disconnection when the 
pole has to be removed. 

Of recent years, portable accumulators have 
been much employed for obtaining brilliant 
lighting effects on the stage, and one device of 
this kind, termed a ballet star, appears in fig. 
37. This consists of a tiny incandescent lamp 
fixed in the centre of ;i brilliant metal star, the 
whole being mounted on a band which fits the 
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dancer's head. For this work, it is necessary to 
use a dry electrolyte in the accumulator to 
avoid any damage due to the spilling of acid. 
The accumulator is carried on the body by 
means of a strap or belt, and a flexible lead, 
with a small push or switch, enables the light 
to be switched on or oflf*as desired. Electrically- 
Ifghted wands are also constructed on similar 
lines for theatrical use. 

Some very pretty effects may be obtained 
with electric jewellery of the kind shown in 




Fig. 37.— Ballet Star. 

fig. 38 and fig. 39. Scarf-pins, hair ornaments, 
studs, brooches, floral buttonholes, all lend 
themselves to electric illumination, and a small 
4- volt pocket accumulator is amply sufficient 
to supply the necessary current. 

The apparatus represented by fig. 40 is quite 
a novelty in the application of small accumu- 
lators, as it is intended to attract fish to the 
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bait when angling. It consists of an incan- 
descent lamp with a special water-proof fitting, 
attached to a length of flexible wire which can 
be lowered to any depth in the water. It is 




Fig. 38.— Electric Scarf-pins. 

stated that the fish will gather in great num- 
bers round the light. 

There are many other applications of small 
accumulators which, however, cannot be dealt 
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with at any length within the modest limits of 
this book. The following list will indicate 
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some of these, and may be of interest as show- 
ing the extensive field in which the original 
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researches of Grove, Plante, and Faure have 
enabled beneficial results, to be achieved : — Med- 
ical purposes — for examining internal por- 
tions of the human body, for cautery opera- 
tions, and for working X-ray coils ; for lighting 
objects under the microscope; for reading 
lamps for lecturers; for lighting table decora- 



tions ; for sterilising water ; for igniting the 
explosive charge in gas and oil-engines ; for 
electrical testing work; for lighting house- 
boats ; for boat and ship's side and mast-head 
lights; and for divers' lamps. The ready com- 
prehension of the construction and proper 
using of each or all of such appliances, involv- 
ing the employment of small accumulators, 
will, it is hoped, not come amiss to the reader 
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who has perused with due care the information 
contained in the preceding pages. 

We might mention two books on this subject 
that w^ould prove of interest to our readers: 
A pamphlet by Buell on The Storage of Elec- 
trical Energy," and Reynier on " The Voltaic 
Accumulator," an elementary treatise, trans- 
lated from the French by J. A. Berley. Both 
of these can be had from the publishers of this 
book. 
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MEMORANDA. 



Pole Testing Paper. — Make a thin solution of white 
starch and soak strips of thin white blotting- 
paper in it, and set aside in a clean place to dry. 
Dissolve y2 oz. of potassium iodide in i pint of 
water. Immerse the strips in the solution for 
a few seconds and again dry. This paper, when 
moistened and used in the usual way, turns violet 
at the positive pole. 

Varnish. — A good varnish is made of i lb. of shellac 
dissolved in i pint of polisher's finish. It forms 
a tough, coherent surface and adheres strongly 
if the article to be coated is warmed before the 
varnish is used. It is best to apply it in two or 
three thin coats, allowing each coat to dry, rather 
than in one thick coat. 

Becswa.v Compound. — Equal parts of beeswax and 
resin well boiled and used hot. 

Insulating Cement. — A good cement is made for Ley- 
den jars and insulating stands : Sulphur, lOO 
I)arts; tallow, 2; resin, 2 parts, melted together 
. ; v^Ul of the consistency of syrup, and sufficient 
* * powdered glass added to make a paste. This 
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cement must be heated when appUed, and will be 
found to resist most acids. 
Marine Gltte.— Pure India-rubber (cut small), i 
part; coal-tar naphtha, 12 parts; d^est in a cov- 
ered vessel with gentle heat and agitation, and 
when thoroughly dissolved add powdered shel- 
lac 20 parts. Continue the heat and stirring until 
perfect liquefaction has taken place and pour the 
fused mass, while still hot, on slabs of polished 
metal or stone, so as to form thin sheets. When 
required for use heat in an iron vessel to its 
melting-point, 248** to 250" F. and apply in a 
liquid state with a brush. It can be made as hard 
as required by increasing the proportion of shel- 
lac. 

INSULATING MATERIALS. 

Asbestos. — Good for covering other materials where 
there is a liability of sparking, also for covering 
wires that are liable to heat. Asbestos cloth, 
coated with shellac, is rendered impervious to 
moisture. 

Ebonite has powerful insulating and dielectric prop- 
erties, but air and especially ozone react on the 
sulphur and render its surface conducting, but 
a coating of strong varnish will prevent this. 

Celluloid. — Very good for constructing battery cells, 

etc., and easily cemented together by a solution of 
itself. It should be remembered, however, that 
it is very inflammable. 
Gutta-percha. — When exposed to air for a time it 
oxidizes and becomes brittle, but when entirely 
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under water it is good and appears practically 
indestructible. 

Glass varies very much in its properties, but a coat- 
ing of good varnish where possible improves its 
insulation. It should be warmed before applying 
the varnish. 

Ozokerit. — A mineral substance closely resembling 
paraffin, but inferior. 

Paraffin. — One of the most valuable substances known 
for insulating. 

Silk, Cotton, and India-rubber are also used for in- 
sulating material. 

To Insulate Copper, Brass, or Iron. — The method 
of obtaining this insulating material is, from an 
industrial point of view, very practicable and 
cheap. The hardness of this coating, which re- 
sists all atmospheric action, is a guarantee of its 
durability. The insulation is absolute. A bath 
of plumbate of potash is prepared by dissolving 
ID parts of litharge in looo parts of water, to 
which has been added 200 parts of caustic pot- 
ash, then boil for about 30 minutes. Allow to 
settle and decant; it is then ready for use. The 
metal to be coated with peroxide of lead is at- 
tached to the positive pole and a small platinum 
anode to the negative, and both poles placed in 
the above-mentioned bath. Finely divided metal- 
lic lead is precipitated upon the negative pole, 
and the metal is coated with peroxide of lead. 
The metal passes successively through all the 
colors of the spectrum, and when it takes on a 
brownish-black color the insulation is complete. 
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Ampere. — The unit (for practical work) of electric 
current. 

Ampere-hour. — A practical unit of quantity; being 
the quantity which a current of one ampere 
would carry past a given point in one hour. 

Battery. — A combination of two or more cells. 

Buckling. — A term, whose meaning is evident, tech- 
nically applied to the distortion of accumulator 
plates by badly distributed current. 

Cell. — A chemical generator of electrical energy. 

Ebonite. — A black, hard preparation of indiarubber 
(Vulcanite). 

Electrodes. — The conductors by which current enters 
and leaves an apparatus : Anode = entering ; 
Cathode = leaving electrode. 

Electromotive-force. — That which moves or tends to 
move electricity ; the electrical equivalent of 
mechanical pressure. 

Electrolysis. — Chemical decomposition caused elec- 
trically. 

Electrolyte. — The conducting medium between elec- 
trodes which undergoes electrolysis. 

Element. — The active electrode of a cell. 

E.M.F. — Abbreviation for electromotive-force (see 
above). 

Grid. — The skeleton framework of an accumulator 
plate, 
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Lead Peroxide. — An oxide of lead whose chemical 

symbol is PbOj. 
Litharge. — Lead protoxide; PbO. 

Minium. — Red lead; Pbs04, 

Negative. — Pole, terminal, plate, etc., the pole, ter- 
minal or plate by which the current returns to 
a generator or leaves an instrument. 

Ohm. — The unit (for practical work) of electrical 
resistance. 

Paraffin wax. — A white mineral wax; a good insula- 
tor and a protector against acid (strictly speaking 
should be called " paraffin "). 

Parallel. — Circuits are in parallel between two points 
when the current entering at one point divides, 
a portion flowing through each circuit, and the 
portions reunite at the other point. 

Pole. — Equivalent to terminal. 

Pole-testing Paper. — ^Used for determinating the posi- 
tive and negative poles of accumulators. 

Positive. — The converse of " negative," i.e. *' out- 
going " as applied to a generator, *' ingoing " of 
an instrument. 

Resistance. — Self-evident term applied to electrical 
friction. 

Series. — Circuits are in series when the same current 
flows through all the circuits; cells in series are 
connected + ve of one cell to — ve of next. 

Short-circuit. — A path of extremely low resistance, 
or practically none; sometimes abbreviated to 
" short." To provide a short circuit. 

Spatula. — An instrument like a spoon with a flat 
bowl. 

Terminal. — The connecting screw by which a con- 
ductor is connected electrically. 
Thermopile. — An electric generator excited by heat. 

Volt. — The unit (for practical work) of electrical 

pressure. 
Vulcanite. — Another name for ebonite, which see. 
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pipes. Setting up gas engines. Brakes and their 
use in ascertaining the power of gas engines. Ar- 
rangement of a brake test. Distribution of heat in a 
gas engine. Attendance on gas engines. General 
remarks. Gas engine oil. Cylinder lubricators. 
Rules as to starting and stopping a gas engine. The 
cleaning of a gas engine. General observations and 
specific examination for defects. The engine refuses 
to work. Non-starting of the engine. Too much 
pressure on the gas. Water in the exhaust pot. 
Difficulty in starting the engine. Irregular running. 
Loss of power. Weak gas mixtures. Late ignition. 
Cracks in air inlet. Back firing. Knocking and 
pounding inside of engine. Dangers and precaution- 
ary measure in handling gas engines. Precautions 
when opening gas valves, removing piston from 
cylinder, examining with light openings of gas 
engines. Dangers in starting, cleaning, putting on 
belts. Oil Engines. Gas engines with producer gas. 
Gasoline and oil engines. Concluding remarks. 

120 pages, illustrated, 12nio, cloth, $1.00. 



THE 



FIREMAN'S GUIDE 

A Handbook on the Care of Boilers 

BY KARL, p. DAHLSTROM, M.E. 



CONTENTS OF CHAPTERS 

I. Firing and Economy of Fuel. — Precautions 
before and after starting the fire, care of the fire, 
proper firing, draft, smoke, progress of firing, fuel on 
the grate, cleaning out, cleaning grate bars and ash 
pan, dampers, firing into two or more furnaces, dry 
fuel, loss of heat. 

II. Feed and Water Line. — Feeding, the water 
line, false water line, defective feeding apparatus, 
formation of scale, gauge cocks, glass gauge, the 
float, safety plug, alarm whistle. 

ill. Low Water and Foaming or Priming. — 
Precautions when water is low, foaming, priming. 

IV. Steam Pressure.— Steam gauge, safety valves. 

V. Cleaning and Blowing Out. — Cleaning the 
boiler, to examine the state of the boiler, blowing 
out, refilling the boiler. 

VI. General Directions. — How to prevent acci- 
dents, repairs, the care of the boiler when not in use, 
testing boilers, trimming and cleaning outside. 
Summary of rules. Index. 
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Synopsis of Contents 

Cleaning the boiler, removing scale, scale pre- 
venters, oil in boilers, braces and stays, mud drmiis 
and feed pipes, boiler fittings, grate bars and tubes, 
bridge walls, the slide valve, throttling engine, the 
piston, testing the slide valve with relation to the 
ports, defects of the slide valve, lap and lead, the 
pressure on a slide valve, stem* connections to the 
valve, valves off their seats, valve stem guides, gov- 
ernors, running with the sun, eccentrics and connec- 
tions, the crank pin, brass boxes, bearings on pins, 
adjustment of bearings, the valve and gearing, set- 
ting eccentrics, the actual operation, return crank 
motion, pounding, the connections, lining up engines, 
making joints, condensing engines, Torricelli's 
vacuum, proof of atmospheric pressure, pumps, no 
power in a vacuum, supporting a water column by 
the atmosphere, starting a new plant, the highest 
qualities demanded. 

Water tube boilers, fire tube boilers, why water 
tube boilers steam rapidly, torpedo boat boilers, 
management of water tube boilers, economy and 
maintenance of water tube boilers. 
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